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SUMMARY

The sensitivity of closed bomb testing to differences in propellant surface
area is described. The surface area of three Ml multi-perforated propellants (Ml
MP), identical in composition and cross—-sectional geometry, is adjusted by vary-
ing grain length, i.e., 0.508 cm, 1.156 cm and 2.471 cm. Excellent agreement is
: obtained with zone 7, 155-um howitzer firings when using a wmodified closed bomb
3 technique with the charge confined and the ignition expedited. Quickness values
: for the three charges between 6.895 MPa and 20.68 MPa cotrelate well with initial

surface area. Average closed bomb values of 5.58 + 0.05 x 103 , 5.09 + 0.08 x 103

and 4.49 + 0.04 x 103 MPa per second were obtained, matching 155-mm zone 7 gun
3 velocities of 577.3 + 2.1, 567.5 + 2.4 and 560.5 + 0.9 meters per second, respec-
1 g tively. Results from standard closed bomb measurements are similar to zone 5
i 3 firings; differences in propellant surface area did not affect closed bomb or gun
firings. IBIS code calculations (using standard closed bomb data) also gave
inconclusive results. The analysis demonstrates the importance of ignition in
: 4 the ballistic cycle and the increased potential of closed bomb testing in corre-

3 lating gun velocities.
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FIGURES

1 Surface area of J, K, and L vs distance burned

2 Relationship between confined closed bomb quickness
values and 155-mm velocities




INTRODUCT ION

The search for a laboratory ballistic assessment test for propellants contin-
ues despite difficulties in testing techniques and limitations encountered with
models which relate laboratory test data to gun performance.

Several years ago under MMT Project 5754186 (Autocap), three lots of Ml
propellant, J, K, and L, distinguished only by length of grain, were subjected to
standard closed bomb testing to determine the degree of discrimination of that
test. Firings conducted at both Radford and ARRADCOM, Dover, NJ, show that grain
length does not always affect closed bomb quickness measurements. Firings of
155-mm guns at zome 5 are also insensitive to grain length, but firings at zone 7
show significant differences in wvelocity. The results of this program were re-
cently veviewed in the Progress in Astronautics Publication by AIAA “Interior
Ballistics of Guns” (ref 1), but no attempt was made to explain the differences
between zone 5 and zone 7 firings.

Thia report shows why propellant lots J, K, and L could not bhe differenti-
ated using standard closed bomb techniques, and how the cloeed homb wethod can de
modified to show differences in a given propellant compositien when only the
grain length (or surface area) {s varied. Although the effect of surface area on
both <losed bomb quickness and gun velocity is small compared with propellant
properties such as composition (refs 1 and 2), even small differences can bhe
detected by improving closed bomb techniques. As a consequence a good corvela-
tion between the closed bomb results and the gun firing results is obtained, and
differences in gun velocity due to propellant geometry are reflected in corre-
sponding differences in closed bomb quickness values.

EXPER INENTAL

Samples

The chemical and physical properties of the propellants tested are listwd (n
tadble 1. These analyses were wade at Radford using standard procedures. The
three propellants show no significant difference {n chemfcal composition; only
the grain length is varied. Calorific values are based on replicate measutements
vhere the difference between seasurements in all instances {s less than X,

Procedure

The ostandard closed bomb tests were conducted in eccordance with the proce-
dute outlined in rveference 3, in which the charge 1s bdagged in a J-mtl=thick
polyethylene bag with the igniter in the center of the charge. The bag ruptures
as soon as the black powder {s fgnited. The data ncqutsttion systen {s described
{n reference 4. All weasurements were uade in a 200 ca’ closed vessel waintained
at 21°C 770°F). 1In addition to the s‘'andard procedutes, two scries of tests




Table 1. Laboratory anzlysis of MIMP propellant lots

Composition ) - K L

NC 85.17 85.07 85.20
DNT 9.65 9.69 9.73
DBP 5.18 5.24 5.07
(DPA) 1.04 1.06 1.05
(K2504) 0.99 1.27 1.16
™ 1.16 0.96 1.30
RS 0.56 0.36 0.80
HgO 0.60 0.60 0.50

Physical properties

Density (g/ca®) 1.5553 1.5420 1.5637
Screen den 0.8079 0.7818 0.6745
Hygroscopicity (%) 0.45 0.44 ‘ 0.43
Length (cm) 0.508 1.156 2.471
Dia (cm) 0.485 0.494 0.500
Leagth var (%) 4.10 0.84 0.90
Perf 0.0384 0.0394 0.0404
Av veb (cm) 0.0968 ' 0.0968 0.0965
L:D ratio 1.05 2.0 4.95

D:d ratio 12.69 12.9) : 12.37

Standard closed boadb results

Helatfve quicknesa® 95.07 98.97 99.10
Relative force 169.92 100.98 99.93

Calorific value (call/y) _ 762.0 _ 760.0 760.0

#Conpared to Std RAD 68308
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were conducted in which the propellant charge was loaded into a 65 cm’ capacity
polyethylene bottle* (3.8l cm (1-1/2 in.) o.d. x 6.35 cm (2-1/2 in.) long). The
actual volume of the polyethylene material is S cnd.  The igniter, positioned in
the center of the propelling charge, is the same as that used in standard tests
and consists of an Ml30 electric match and 1 gram of Class 7 black powder. (The
grains are not oriented.) the igniter wires are led through two small tight-fit-
ting holes in the plastic cap. The bottle with the charge is loaded into the
closed bomh and fired in accordance with standard procedures. The {nstrumenta-
tion used to record the data is the ssme as that used for sfrandard closed bomb
tests. It is estimated that the bottle ruptures at approximately 1.378 MPa (200
psi). The linear burning rates are calculated according to the procedures out-
lined in veference 3.

RESULTS

The chemical analysis and the Q values show that the only mator difference
in the samples is grain leagth. Sample J is 0.5 e¢r (0.2000 in.) long and ¥ and L
are 1.156 cm (0.455) 1in.) and 2.47 cm (0.9729 in.) in length, respectively. A
slight difterence in density is also apparent: I has the highest densicy, 1.564
g c= ¢ and the density of J and K are 1,555 g cm™? and 1.542 g co ¥, respectively
(table 1) There i{s 0o significant difference in either relattive quickness or
relative forece [based on maxioun pressure (Pmax) ] among J, ¥, and L using stand-
ard closed bomb procedures.

The total surface area of each propellant lot as a funation of distance
burned is lf{sted f{n table 2 and plotted {n flgure 1. The area of J exceeds that
of K up to approximately 0.028 cm (0.0l1 {n.) of buraing. BHeyoad that, the arvea
of K is larger. The surface area of L beglas to cxeceed that of J at 0.0 ca
(0.014 in.). A comparison of K and L shows that the surface area of X exceeds L
up to 0.043 em (0.017 in.), or just before burnout. Assumiag equal linear buen-
_ing rates for the three propellants, the following order of absolute quickness
(dp/dt) is anticipated from the time of igrition well {ato steady state buraiug:
J> K> Lo This order is not wanifested at ofther 0.2 loading density (LD) or 0.37
LD ta standard closed boadb testing (table 3). The unsmoothed quickaess values in
table ) were obtained between 6.89 NPa (1,000 pst) and 20.68 MPa (3,000 psi) by
estisating the time closest to the tun preasure extreacs. The ssoothed values
arc obtained at 13.79 NPa (2,000 psi) from the equatfon dp/dt = wp + b, and in-
¢ludes all guickness values (taken ecach 32 us) froa the computer readout between
6.89 and 20.68 NPa. The swoothed values are, in all instances, largee than the
uitsnoothed values because the latter represents the quotient of the total proes-
sure interval divided by the time interval, f.e.,

20.68 Wa - 6.89 NPa
F.14

"Raigene Bottles, nartow mcuth.
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Table 2. Total surface area of J, K, and L vs distance burned at 0.2 LD

102 cn?

Distance burned

Propellant lots

(cm) J
0.000 65.99
0.00254 67.00
0.01270 70.43
0.02540 73.32
0.03810 74.67
0.04572 74.74

K

57.37
58.92
64.86
71.68
17.84
81.22

52,72
54 .45
61.22
69.42
77.33
81.93

Table 3. Absolute quickness of MIMP propellant J, K, L between

6.89 MPa and 20.63 MPa (three—shot series)*

103 MPa per sec

J

e —sa—

1 Std (unsmoothed A r~ D 4.1l 10.35
data 6.89 to 20.68 P~
+ At 0.2 LD)

Smoothed data at 13.79 4,61 + 0.33
MPa (dp/dt = wp + b)

II Std (unsmoothed A to D 11.19 + 0.25
data 6.89 to 20.68 MPa
+ At, 0.37 WD

111 Confined charge, 0.2 LD 5.21 + 0.01
(unsmoothed data 6.89
to 20.68 MPa + At) 5.04 + 0.19
IV Confined charge, 0.2 LD 5.57 + 0.05
smoothed data at
13.79 ¥Pa {dp/dt =

V £ Increas2 confined-
std uasncothed 24.83
swoothed 21.00

K
3.05 + 0.36
3.73 + 0.46
8,80 + 0.56
4,59 + 0.05

4,58 + 0.23
5,07 + 0,01

5.10 + 0.15

50.34
36.00

L

3.03 + 0.23

8.71 + 0.21

4.00 + 0,03
4.01 + 0,06
4.47 + 0.03

4,51 % 0.05

31 0\1‘

-

*Corrections were not wade for the initial $ cad occupied by the plastic bottle

in the confined charges.
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Here, unlike the smoothing procedure, the larger increases in dp/dt which occur
as 20.68 MPa is approached are obscured.

Unlike the standard conditions, however, confinement in plastic containers
glves gignificant differences in dp/dt in the anticipated order, i.e., dp/dz 3>
K> L (III and IV, table 3). Beyond 20.68 MPa and up to 172.4 MPa (25,000 psi),
there is no significant difference in dp/dt among any of the samples. The de-
tails of the latter results are summarized in reference 5.

Firing in the 155~mm howitzer are similar to these clesad bomb results.
Table 4 shows that in zone 5 there are no significant differeunces in velocity in
any of the three propellant locs.- 1In zone 7, however, the differences are signi-
ficant. The velocities of J, K, and L are 577.3, 567.5, and 560.5 meters per
second (1,89 + 7, 1,862 + 8, and 1839 + 3 fps), respectively (ref 1 and 6).

Table 4. Gun velocities of Ml propellant lots J, K, and L
in 155-mm howitzer

Zone 58 Zone 5 Zone 7P Zone 7

average average average average

velocity pressure velocity pressure

Lot _(n/s) (MPa) (n/s) (Mpa

J 362.5 + 3.4 97.2 + 4.9 577.3 + 2.1 286.1 + 8.3
K 381.9 + 2.7 96.5 + 3.7 567.5 + 2.4 258.7 + 6.7
L 380.1 + 3.4 92.6 + 4.6 360.5 + 0.9 237.6 + 2.9

TZone 5 charge wt = 3.198 kg
bZone 7 charge wt = 6.021 kg

In the MOA2 propelling charge the major differences between zones 5 and 7
are charge weight and free volume. The latter has a sigonificant effect on the
initial pressure and pressure build-up (dp/dt) which, ia turn, determines the
ignition and subsequent burning of the propellant. For an Ml prepellant tue
fnftial pressure is crucial to ignition (ref 7). 1In order to effect a higher
initial pressure and a more uniform and rapid ignition, an attempt was made to
simulate zone 7 condittons in the closed bomb by confining the sample {n the
plastic bottle, and {gniting {t in the center (as described above). The confine-
went of the charge enhances {gnition and provides a shot start siwmulation. The
results obtafned are summarized in IIY and IV, table 3 and the detatils listed {n
table 5. To assure confidence, the two series of testa were conducted one month
apacet, 75-08 and 75-09.
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Table 5. Absolute quickness MPa/s at 13.79 MPa using all points
between 6.89 and 20.68 MPa for equation dp/dt = MP + b
(10% MPa sec”!)
J K L
DPATE 75-08 75-09 75-08 75-09 75-08 75-09
116.6 116.3 106.6 110.5 93.8 93.7
118.4 117.2 106.9 104.0 91.8 95,1
115 8 118.9 106.6 107.2 93.4 95.6
117.2 + 1.07 117.5 + 1.3 106.7 + 0.1 107.2 + 3.2 93.9 + 0.5 94.8 + 1.0

Two significant changes are effected by confining the charge: the qulckness
between 6.89 MPa and 20.68 MPa for J, K, and L 1is increased 25%, 50%, and 32%,
respectively (which i{s well beyond the initial 5 cm® reduction in bomb volume caused
by the bottle), and a signiffcant difference in quickness among the three lots {s
veadily apparenn. 7Tabls 3 shows that under standard conditions quickness values for
J, K, and L are 4.1. x 103 MPa/s, 3.05 x 103 MPa/s, and 3.03 x 10% MPa/s (596 x 103,
A43 x 103 ard 440 x 103 psi/s) and, by confining the charge, the values are in-
creased to 3.12, 4.58 and 4.0" MPa/s, respectively, (744 x 10°, 666 x 103 , and 580 x
103 psi/s). The grod celationship between confined closed bomb testing and zone 7
gun velocitv is shown in figure 2.

Linear burn rates calculated from confined closed bomb firing (table 6) are
used in che IBIS gun code calcuiaticns (table 7). The code velocity values are not
in accord with gun firings. In both zones 5 and 7, the velocities of J and K are
equal; only that of L is significautly lower. Assuming that the burning rate cf all
samples is the same, the IBIS calculatiou gives only small differences in velocity
amoag the three samples (table 7).

The effects of confining double and tri-‘e base propellants are compared i
tables 8 and 9. For M26 propellant the bottle causes an increase in quickness ~n
the low pressure range (% to 8% Prax) of only 4.45%, i.e., 7.28 + 0.13 versus 6.9
+ 0 07 x 103 MPa/s. From BY to 802 Poax che i-crease is 11.5%, {.u., 44.35 +0.59 x
To3 MPa/s versus 39.76 +0.25 x 10" wPa/s (tadble 8).

At low pressure where ignition is diff!-~ult the M30, lfke the Ml propellant,
under confined closed bomd firings gave significantly higher dp/dt values than the
standard unconflaed firinge, i.e., 4.70 + 0.”3 MFa/s versus 3.85 + 0,28 Mru's,
respuctively, for the 2% to 8% range. Between 8% and 80% Pmax values are 28.4 0.2
versus 26.1 + 0.3 MPa/s, an increase of 1CX.
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Table 7. Results

STD
Zone 5
Charge weight (kg) 3.198
Web (mm) 0.853
Velocity (m/s) 371.8
Pressure (MPa) 84.8

Time to peak pressure (um/s) 7.05

Zone 7
Charge weight (kg) 5.981
Web (mm) 0.853
Velocity (m/s) 536.9
Pressure (MPa) 251.0

Time to peak pressure (m/s) 5.19

of IBIS calculations?

S X L
3.198 3.198 3.198
0.968 0.968 0.965
363.3 363.9 339.8
78.0 79.3 61.4
7.16 7.55 8.26
5.981 5.981 5.981
0.968 0.968 0.965
553.8 554.7 539.2
239.2 251.0 210.3
4.96 5.21 6.33

IBIS velocities assuming all properties including butq}ng rate
are equal and only grain lengths are different

Velocity (m/s)

Sample Zone 5 Zoune 7
J 395.6 596.2
K 392.9 592.2
L 391.4 590.4

¥Calculations by S. Einstein
bcalculations by F. Virginia




Table 8. Absolute quickness M26 RAD 67268 confined vs
unconfined clogsed bomb values 0.2 LD*

(103 MPa per sec)

2% to 8% 8% to 807
Confined Unconfined Confined Unconfined
7.05 6.96 43.82 39.51
7.34 6.870 44.10 39.60
7.42 6.96 44.20 39.94
7.30 7.05 44.26 40.00
7.28 6.96 4.35 39.76
: i .13 10.07 +0.59 .25
3 % Increase = 4.45 % Increase = 11,5
¥

*Corrections were not made for the 5 cm® initially occupied by the plastic bottle
in the confined charge.




Table 9. Absolute quickness M30 RAD 68945 confined vs
unconfined closed bomb values 0.2 LD*

(103 MPa per sec)

2% to 82
Unsmoothed data Smoothed data
Confined Unconfined Confined Unconfined
4,51 4.01 5.25 3.32
4.60 4.23 4.38 4.20
4.32 3.31 4.61 4.03
i 5.25 3.65 4,55 L
4.67 3.80 4.70 3.85
40,41 +0.40 +0.38 +0.28
z' % Increase = 23.05 X Increase = 22
8%_to 80X
t g 29.1 26,1 28.0 25.8
28.4 26.1 28.2 26.4
}' ‘ 28.8 25.9 28.3 26.1
) 28.3 26.2 29.1 L
5 28.7 26.1 28.4 ‘ 26.1
é : 40.4 4.1 +0.2 +0.3
fa % Increase = 10.00 X Increase = 9

*Corrections were not made for the initfal 5 cm’ occupled by the plastic bottle
in the confined charge.
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In the quickness calculations, smoothing the data by assuming 1linearity
between the specified pressures and calculating a least-squares equation, i.e.,
dp/dt = mp + b, did not give lower standard deviations than the unsmoothed data,
where estimates of the time are made between two successive readings below and
above 6.89 MPa and 20.68 MPa, respectively.

The effect of confinement on Pmax for all samples is shown in table 10. In-
creases in pressure of 1.5% to 2.7% (table 10) are obtained for the Ml samples
and larger increases are recorded for the M26 and M30 propellants, 1.e., 6.9% and
5.4%, respectively. Assuming the bottle to be inert, an increase of 2.5% is
anticipated. The larger increases in the M26 and M30 are attributed to the
higher oxygen balance which wmay cause the partial burning of the plastic with the
formation of gases of low oxygen content, i.e.,

02 + QOHN -—-=> N,0+CO + H,0

Table 10. Effect of plastic bottle on Pmax values

Confined (plastic bottle) ____ Standard Increase

Sample Wa (psD) 7 () z
ML

J (224.77) 32,600 + 200 (219.53) 31,840 + 308  2.39

K (224.36) 32,540 + 293 (218.36) 31,670 + 100  2.67

L (220.91) 32,040 + 243 (217.60) 31,560 + 234 1,52
M26 (281.42) 40,816 + 177 (263.35) 38,196 + 133 6.86
M30 (270.68) 39,259 + 177 (256.00) 37,235 + 14 5.44

DISCUSS ION

The difficulty in predicting gun ballistics from closed bomdb wmeasurements
can be realized readily when one notes that, even in the same M1Al 155-mm how-
itzer, velocities cannot be extrapolated from firings made at gone 5 to those
wade at zone 7. This is evident {n table 4 which shows that the muzzle veloci~
ties of propellant lots J, K, and L are not significantly different at zone 5,
but increase incrementally with propellant surface ares at zone 7 (refs 1 and 8).
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For a given propellant the zone 7 charge is twice the weight of the zoune 5
charge, (the igniter is the same for each zone). This causes a major difference
in loading density. In zone 7 where the void volume is approximately one-half
that of zone 5 and the grains are more tightly packad, ignition 1is quicker be-
cause of the more rapid pressure buildup by the igniter and the larger total
surface area. This expedites the ignition-combustion transition. Table 11,
which 18 an extract of a typical 155-mm firing curve, is a good example of
this. (Details of the gun firings for J, K, and L were not obtained.) In the
low pressure region, where ignition takes place, it takes 12.05 ms to reach 4.83
MPa in zone 5 and only 2.55 ms to reach the same pressure in zone 7.

Table 11. Comparison of pressure-time data at zomes 5 and 7

155-mm howitzer (M4A2 charge)*

Pressure Tine (m/s)

MPa (psi) Zone 5 Zone 1

4,83 (700) 12.05 2.55

6.89 (1,000} 12.90 ' 3,30
10.34 (1,500) 13.80 3.7
20.68 (3,000) 15.05 4,58
34,47 (5,000) 16.20 5.09
68.95 (10.000) 18.60 5.90

*Std RAD 68308

The prolonged ignition at zone 5 may consequently wmask the effect of the
surface area. When the void is large, the gratus are not a coherent mass (lmme-
dlately after ignition), the ignition combustion transition is prolonged, and the
difference in surface area i{s obscured by the large heat loss and the long period
of time rvequired to establish a reaction chemistry in which the products do not
change signiffcantly with pressure (ref 9).

These factors are reflected in both the pressure and the velocity wmeasure~
ments made {n the gun for propellant lots J, K, and L, which show no significant
difference among the propellants in either parameter at zone 5. In zone 7, how-
ever, Pmax of the three propellants correlates well with the wmagnitude of the
surface area and muzzle velocity, and pressures of 286,01 MPa, 258.7 MPa, and
237.6 MPa are generated, with corresponding velocities of 577, 568, and 560 o/s,
respectively, table 4.
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In standard closed bomb tests, the propellant sample is not confined. If it
is packaged at all, it 1is usually placed in a bag which offers no resistance to
any pressure developed by the igniter. The conditions are, consequently, similar
to those encountered at zone 5 firings. Confinement of the propellant in a plas-
tic bottle, on the other hand, reduces the volume during ignition until a pres-
sure of 1.4 MPa is attained, at which point it ruptures. Laboratory experiments
in an arc image furnace and with black powder show that an initial pressure of
1.4 MPa provides an excellent environment for the rapid ignition of Ml propellant
(ref 7).

The confinement enhances the differences in surface area among lots J, K,
and L and increases the dp/dt values of all the samples ug to 50% between 6.89
and 20.68 MPa. Absolute values of 117, 107, and 94 x 10° Mpa/s are obtained,
which are in accord with zone 7 velocities (fig. 2). These data demonstrate the
significance of ignition in both the closed bomb and the gun.

Confinement is not always necessary to distinguish differences in surface

area in the closed bomb. Domen (ref 8) reports the results for two other MIMP
propellants used in the 155-mm howitzer. Propellants P and R are similar in

Comparison of closed bombd quickness and gun velocity
(MINP propellants P and R)

Relative Surface area Velocity
Pro- Length Dia Perforation Ved avg quickness® per kg Zone Zoune

pellant L(cm) D(cm) (ca) (cm) (X) (ca 2) (a/s) (a/s)
4 1.)28 0.604 0.0592 0.107 90.1 8.56 x 10° 358.7 $56.2
R 1.00} 0.447 0.0427 0.0808 119.0 11.58 x 103 400.0 $590.7

‘*g5ed RAD 68307 8

composition but each is low in volatile and sulfate content. Their Q values are
tdentical, 766 cal g-!; these are >1% higher than the Q values of J, K, and L.
The primary difference between P and R, as cowpared with J, K, and L, is geometry
and surface area in addition to lower volatile and sulfate conteat. The follow-
{ng table shows a significantly larger difference in initial total surface arca
batween P and R than between any of the two sauples in the J, X, L group. Thus
in zone S5 the difference in total surface ares between P and R fs 0.92 &® whereas
the largest difference in the J, K, L group is 0.55 w?. In zone 7 the difference
{s 1.74 u® and 1.0} a?, respectively.
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Comparison of initial total surface area of MIMP propellant

Area (um?)
Zone J K L P R
5 3.42 3.09 2.87 2,78 3.70
7 6.44 5.82 5.41 5.23 6.97

In 40 ‘g closed bomb firings (0.2 LD), the difference {n initial surface areas is
116 cm‘ between P and R and only 69 cm? between J and L. The 33% difference in
surface area between P and R in standard closed bomb firings results in a 322
difference in relative quickness. 1In confined firings of the J, K, and L series
we obtain a similar correlation: a difference in surface area of 11X (J and KR)
gives a 10X difference in dp/dt; the difference of 19% in surface area between J
and L results in a 25% difference in dp/dt.

Relationship of surface area to velocity

Percentage of difference

Propellant _ Velocity _
lot __ Area dp/dt ZTowe s zone T

J and K 11 10 - 2

J and L 19 25 - )

R oand P k2] 32 10 6

The effect of surface arca on velocity (s not as lavge as on dp/de, decause pro-
pellant force, heat loss, ete. have a larger effect on the final weloctty.

The porosity of the propellant bed must be considered in resolving differ-
onces botween the J, K, and L series and the P and R series of propellants in
both the closed bomb and the gun. When the length, geometty or any other physi-
cal dimenston of the grain is changed, the bed porosity is also affected. In the
pressure reglon of ignition, dp/dt (¢ not only a function of surface area, vol-
ume, burning tate and heat loss, but also porosity. The latter is an unknown
quantity, particularly under the dynamic conditious encountered during fgnition.

Models are also limited because of the complications arising durlag 1gni-
tion. The [81S aodel (ref 6), which combines first principles and gun ftrings,
predicts that propellant lot L will give lower velocities than J and K, Wt shows
negligible diffetences betveen J and K. If the measured physical properties,
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closed bomb burning rates and force values are not used, and it is assumed that
J, K, and L are alike in all respects except grain length, the IBIS code gives
small equivalent differences (less than 1X) among samples in both zones (table

7).

In empirical models, where the increase in mzzle velocity (AMV) for a
specific gun and charge can be correlated with relative quickness and relative
force, i.e.,

AMV = kIARQ + kZARF where kI and k2
are constants, the low pressure reglon of ignition is also overlooked.

The effect of confinement on M30 propellant is somewhat similar to that of
Ml. In the low pressure range (2% to 82 Pmax), a 26% increase in quickness is
recorded; between 8% and 80% Pmax the increase is 10Z. Confined M26, a double~
base propellant, shows an increase in quickness of only 4% {n the low pressure
range and 11.52 at higher pressures.

The differences between propellants Ml and 430, and propellant M26 may bhe
attributed to the fact that the Ml and M30 are more difficult to ignite and that
confinement expedites the ignition of the single- and triple-base propellants.
This results in a higher dp/dt. The M26 (which ignites readily) requires no
confinement. It 1is not as pressure sensitive to ignition as teiple- or single-
base propellants. Laboratory experiments in ignition show that doubling the
weight of black powder reduces the ignition delay of N26 propellant oaly 6 o/s
(from 33 to 27 a/s) whereas the ignition delay of MI0 propellant is reduced from
130 a/s to 70 m/s. Even more pertinent is the fact that, unltke the M26, neither
Ml wor MIO can be ignited by an cleccrically heated wire at aabieat pressute.
They do ignite, however, at 0.69 MPa (ref 7). :

CONCLUS IONS

1. The teportance of ignition in the closed bemb as well as in the gua
cannot be overemphasiced. The proper packaging and adjustwment (a granulag sue-
face arca should rtesult {o higher gun velocities for a given chatge weight.

2. Closed bowd mecasurements can be made sote ocaningful and wore weapon
relatable, by confining the charge and enhancing ignition.

3. Absolute gquicknese mcasureneats can be obtaiued reproducibly.
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RE COMMENDATIONS

1. The effect of charge confinement should be explored further using more
controllable techniques. It would be worthwhile to confine charges in the closed
‘ Yomb using blowout discs with different rupture pressures. (A small perforation
\ in the disc may be required.) Prepressurization with an inert gas should also be

v investigated, even though laboratory experiments conducted several years ago
‘ indicated a cooling effect.

' 2. The results obtained from the confinement measurements should be tested
g in gun codes and models.

g 3. Porosity measurements should be wade uunder actual ignition conditions.
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